neurons. In the human visual system, Grill-Spector and point aftereffects were found within, but not across,
central components pointing to the observer. Note that the frontal view may or may not be the canonical view of the objects. Side views with small angular rotation (±3 and ±6 degrees) from the front view, along with the front view itself, were used as test stimuli. The side views with large angular rotations (±30 and ±60 degrees for faces and wire-like objects, ±15 and ±30 degrees for cars) were used as adapting stimuli. Since the purpose of the experiment is to examine if there is a viewpoint aftereffect in the human visual system, we sought to avoid the possible confounds due to a conjunction of localized aftereffects for orientation, spatial frequency, and so on. For this reason, the adapting stimuli had a random starting position and were slowly translated in the picture plane in random directions within a confined region, and the positions of the test stimuli were randomly distributed within this area (see Experimental Procedures).
Viewpoint Aftereffect from Side View Adaptation
First we measured how accurately observers could detect the viewing direction of briefly presented test stimuli without any adaptation. Observers made forcedchoice responses (whether the test object was facing left or right). The results are presented as psychometric functions with the percentage of "object facing the opposite direction relative to adaptor" plotted as a function of the actual viewing angles of the stimuli. For all three categories of objects, observers gave nearly perfect performances for all five test conditions (50% level for the front view, correct identification for 3 and 6 de- direction from the adapted viewpoint. The psychometric function showed a general horizontal shift from the adapted viewpoint (compare black and blue lines in 0.2 s. Observers were asked to make a two-alternative forced-choice (2-AFC) response to indicate which di- Figure 3 ). Taking the front view test stimuli as an example, without adaptation, observers were equally likely rection the test stimulus was facing (left or right) (see Figure 2 ). We chose these three categories of objects to see them as facing left or right (50% in Figure 3 , blue lines). After adaptation, the front view stimuli were often because (1) they all have clearly definable facing directions; (2) faces and cars are both familiar objects that judged as facing away from the adapted viewing direction. The adaptation effect was strong enough that have been extensively studied; faces are usually identified at the subordinate level, while cars are usually even some of the test objects that were facing in the same direction as the adaptors were perceived to be identified at the basic level (Kanwisher et al., 1997; Gauthier et al., 1997); and (3) the wire-like objects are facing toward the opposite direction of the adaptors (e.g., following adaptation to a face turned 30 deg to unfamiliar, and it is easy to manipulate their image properties, providing an excellent set of control stimuli the left, a test face turned 3 degrees to the left was often judged to be facing right; see Figure 3 ). This perthat are two-dimensionally equivalent.
Within each category, the set of stimuli consists of ceptual distortion is in sharp contrast with observers' performance without preceding adaptation. This adapa front view and a number of side views, which were generated by projecting 3D models rotated in depth tation effect can survive a 2 s blank time between adaptation and test presentation-enough to prevent any (clockwise or counter clockwise) into a 2D plane. Since the face and car stimuli have intrinsic front sides, the perception of motion between adapting and testing stimuli. This "storage" of adaptation over a period of front views of these two stimuli were defined as the view of their natural front (head-on) side. In other words, in order to observe the object viewpoint test stimuli. Differences between adapting and test aftereffect, the adaptor and testing images may have stimuli that are too small or too big can lead to very to share a common set of image features. In addition weak, or even no, aftereffects at all. In the case of 2D to the cross-category viewpoint adaptation experiorientation adaptation, direct tilt aftereffect has a narments, we also performed preliminary tests using difrow orientation tuning, though there could be an indiferent exemplars within a category-specifically, we rect orientation adaptation effect occurring at large anused side views of one face as adaptors but frontal gular separations (Mitchell and Muir, 1976 This pattern of results suggests that, at least for the simple wire-like objects, the adapting stimuli were represented as 3D objects at the site where this adaptation occurs.
The Viewpoint Aftereffect Requires the Formation of Global Representation: Evidence from Amodal Completion
To further investigate whether the viewpoint adaptation effect is due to adaptation to local features or requires the formation of a global object representation, we took advantage of the phenomenon of amodal completion (Nakayama et al., 1989 ) and presented identical face patches either behind or in front of occluding visual noise as adaptors. When the patches were stereoscopically presented behind the textured occluder, they were amodally completed and organized into a coherent face by the observer (Figure 6 , stimulus 1). When the same patches were presented stereoscopically in front of the textured occluder, they were perceived as disjoint parts ( Figure 6 , stimulus 2). We found that the former adaptor (amodal completion) induced the viewpoint aftereffect, but the latter stimulus did not ( Figure  6 ). In this case the two adaptors were identical in 2D; the key difference is in the global perception of the face. Adaptation of any 2D feature would predict the same aftereffect from these two adapting stimuli. Our data show a clear and significant difference between these two adapting conditions, which strongly supports the idea that the adaptation is occurring at a relatively high level, where the global object representation has been formed. Adapting to identical local image features without the global object representation is not sufficient to generate the aftereffect.
Theoretical and Physiological Implications
We found that adaptation to a side view of the object had a significant and predictable impact on the perceived facing direction of subsequently presented objects. Our results provide evidence supporting the exis- nitely constrain any theories on object recognition. We should point out that our results do not exclude the existence of neurons sensitive to the structural descripanother for the structure-invariant processing of 2D views. tion of objects or object-centered representations in the human visual system. Both viewer-centered and Given the psychophysical evidence for the viewpoint representation, it is natural to ask where in the brain the object-centered representations can coexist. Indeed, a recent study by Foster and Gilson (2002) suggests that viewpoint information is represented. A large number of fMRI studies have described focal regions in the ocobject recognition is based on summing signals from two independent processes, one for viewpoint-invaricipitotemporal cortex that respond selectively to certain categories of objects: the fusiform face area (FFA) ant parts-based processing of 3D object structure and edge of visual adaptation and did not know the purpose of the exfor faces (Kanwisher et 
